Geochemical data of fifteen Cretaceous sediment samples from Kumba area in the Douala sub-basin are presented to determine the provenance, source rock weathering, tectonic setting and paleo-oxidation conditions of the depositional setting of these rocks. For this purpose, the whole-rocks were analyzed for their major and trace element, including rare earth elements (REEs), contents by ICP-AES and ICP-MS methods respectively. On the basis of their major element composition, the rocks have been classified mainly as Fe-shale, shale, arkose and Fe-sandstone. For the provenance, the plot of Zr vs. 1.03. This is also confirmed by the values of Ni/Co (less than 7), U/Th (less than 1.25) and Cu/Zn (mostly less than 1). Tectonic discrimination diagrams (e.g., SiO 2 -K 2 O/Na 2 O and Th-Sc-Zr/10) show that these rocks were deposited mainly in an active continental margin setting, and in various tectonic environments. This reflects probably the recycling effect experienced by the samples studied.
Introduction
The Douala/Kribi-Campo basin is one of a series of continental shelf basins extending in West Africa from the edge of the Niger delta in Cameroon to the Walvis ridge near the Angola-Namibia border. It is divided into two sub-basins: the Kribi-Campo sub-basin to the south and the Douala sub-basin to the north. The latter is located at the bottom of the gulf of Guinea in the Central African rain forest. It comprises the Early to Mid-Cretaceous siliciclastic rocks such as sandstone, siltstone and shale. These deposits are known mainly from offshore boreholes because they have been interesting for petroleum industry [1] . As a result many geological studies (stratigraphy, sedimentology, etc.) were made in order to constraint the productive petroleum systems [1] - [7] . The onshore outcrops of these clastic sediments are not easily visible due to the dense landscape and the thick lateritic cover in the rainforest. Few areas such as Kumba exhibit these Lower to Mid Cretaceous outcrops which have been less described in the framework of a regional geology [8] . Until now, no geochemical studies have been carried out on the outcrops of ancient sedimentary rocks of Douala sub-basin exposed in the Kumba area.
The chemical composition of sedimentary rocks has been widely used to record the geological evolution of the continental crust through time [9] . Particularly, the geochemical signature, comprising of major, trace and rare earth elements (REEs) geochemistry, of siliciclastic sediments is indicative of several interacting variables such as provenance, weathering, transportation and diagenesis [10] [11] [12] [13] . A number of recent geochemical studies on ancient and modern clastic sediments from different parts of the world have been carried out and provided some valuable information on the source rock composition [14] - [20] , climate, mode of transportation, depositional environment, degree of source rock weathering [21] [22] [23] , tectonic setting and post depositional processes such as diagenesis and metasomatism [24] [25] [26] [27] [28] .
In this study, inorganic geochemistry (major, trace and rare earth element composition) of Cretaceous mudrocks (siltstone and shale) and sandstones of Douala sub-basin exposed in the Kumba area in the South West Cameroon is presented to decipher provenance, degree of paleo-weathering, post-depositional diagenesis, paleo-oxidation conditions and tectonic setting of depositional envi-G. Ngueutchoua et al. ronment. Considering the lack of geochemical data from the studied rocks, the data and their interpretation presented in this study will improve the understanding of the paleogeographical knowledge of the Douala sub-basin.
Geological Setting
The Douala sub-basin is located 3˚20'N to 5˚N and 9˚E to 10˚30'E ( Figure 1 The Lower Mundeck Formation formerly named "Basal sandstones" (Barremian-Aptian) represents the oldest deposit (syn-rift sequence) known from Douala sub-basin [1] [3] [37] [38] [39] . It consists of conglomerates, conglomeratic sandstones, arkosic sandstones, organic matter-rich dark marls interbedded with thin limestones and black to dark grey shales. This synrift sequence unconformably overlies Precambrian basement and appears to be controlled by listric faulting and associate roll-over anticlines [36] . The Lower Mundeck Formation is theoretically overlain by a relatively thin transitional evaporate unit. The latter has been observed in the neighboring Kribi-Campo sub-basin, but has not yet been recognized in the Douala sub-basin. This salt deposition corresponds to the rift-drift transition phase (Mid-Late Aptian). This rift-drift sequence was marked by transform directions resulting in a series of cross-faults which have segmented the rift structure [40] .
The Upper Mundeck Formation (Albian-Cenomanian) consisting of sandstones, shales, marls and carbonates was deposited under marine conditions. These shales and sandstones are exposed at the Kumba area ( Figure 3 ). The
Upper Mundeck Formation unconformably overlies the Lower Mundeck formation and corresponds to the first drift stage (Albian-Coniacian, noted Drift I; Figure 2 ) of the post rift phase (Albian-Present).
The Logbadjeck Formation (Cenomanian-Campanian) is represented by an assemblage that is mainly clayey, with sandy intercalations and rare episodes of foraminifera-rich limestone [8] . This formation represents the first deposit of the second drift stage (Santonian-Eocene, noted Drift II; Figure 2 ). It is a discrete drift phase linked to a regional tectonic episode. During this episode, original rift-related roll-over structures were inverted and the platform sedimentary section was folded. The Drift II is separated from the Drift I by the Santonian unconformity.
The Logbaba Formation (Maastrichtian) is constituted of shales with calcareous nodules. It is dated due to its pollens and its rich microfauna [8] . This formation also belongs to the second drift stage.
This study is focused on clastic rocks belonging from the Upper Mundeck Formation (Albian-Cenomanian), outcropping at the Kumba area.
Sampling and Analytical Methodology
After a careful geological mapping, a total of fifteen representative sediment samples were collected from Lower to Mid Cretaceous succession from Douala sub-basin, exposed at Kumba area. These samples, consisting of five shales, four siltstones (both termed as mudrocks) and six sandstones, were trimmed to remove weathered surfaces and subsequently crushed using a jaw crusher for size reduction. The particles were oven-dried at 110˚C overnight. The dried samples were then left to cool for 24 h. The samples were pulverized in an agate mortar to grain size of less than 0.063 mm, homogenized and packed into plastic bags.
Five grams of aliquots of each powdered sample were packed and sent to ALS Geochemical Laboratory, Galway, Ireland for major and trace elements (including rare earth elements-REEs) determination.
Major and trace elements (including REEs) were determined by Inductively
Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) and Inductively
Coupled Plasma Mass Spectrometer (ICP-MS), respectively. For ICP analyses, 0.25 g aliquots of each sample were mixed with a flux of lithium metaborate and lithium tetra borate and fused in an induction furnace at 1000˚C. The molten melt was immediately poured into a solution of dilute HNO 3 . The digested samples were measured for major oxides and the trace elements. The oxides of 10 major elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P) were measured after the method described by [41] . Trace elements data (including REE) were obtained with standard ICP-MS procedure as described in detail by [42] . Detection limit were 0.01 wt% for all major elements. The precision of the analysis is within 0.01 -2 ppm for most trace elements (except for Li, Ti, Cr and As which is less than 10 ppm). Loss on ignition (LOI) was determined from the weight loss after and coarse-grained granites (CGG) [34] , and biotite-rich granite, porphyritic granite, alkali feldspar granite and two-mica granite [35] which could be the potential source-rocks of Kumba Cretaceous sediments. [43] . This scheme of classification has been proven to be useful when applied to clastic sedimentary rock [44] . Mudrocks are divided into Fe-shale, shale and wacke. The latter have been grouped into shale because of the less number of sample in each sub-group and due to the fact that the wacke samples plot toward the field of shale, thus reflecting variation in quartz-feldpar/mica ratio in the studied mudrocks. Sandstones are divided into arkose and Fe-sandstone ( Figure 4 ). Table 1 UCC-normalized. The average composition of UCC and PAAS are considered from [9] and [48] . The plot of UCC and PAAS, on diagram (a) and (b) respectively, is shown for comparison. Av. = average.
Results

Major Elements
Trace Elements
The trace element concentrations and elemental ratios are presented in Table 2 . Compare with PAAS, Ta, Nb and Zr are enriched whereas Cs is distinctly depleted.
Rare Earth Elements
The rare earth element concentrations and elemental ratios are presented in Ta the chondrite normalized REE pattern [49] of the probable source rocks.
Discussion
Paleoweathering and Diagenesis
Weathering of parent-rocks consist mainly of the removal of alkaline and alka- The PAAS and UCC values are cited from [9] and [48] . . Chondrite normalized REE pattern [49] of the probable source rocks. REE data are from (a) [34] and (b) [35] . n = number of samples.
line-earth elements in siliclastic sediments [50] . [53] ; but also, to a lesser extent, the rock forming mineral such as K-feldspar.
To 
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Since the CIA index is less sensitive to the weathering degree when K reintroduction occur in the system, as it is probably the case for the present study, the Th/U ratios of mudrocks and sandstones from Kumba range from 2.29 to 9.32 (Table 2 ) with only 3 ratios less than 3 and most ratios greater than 4. Moreover, many of the Th/U ratios (up to 9.32) are far above the PAAS value of 4.71. In this sense, these sediments might have been derived from a source subjected to significant weathering.
Furthermore, intense weathering produces LREE/HREE fractionation [63] , although the REE are quantitatively transferred from the source to the sediment [64] . This is possibly due to preferential HREE retention in solution [65] . In this study, LREE/HREE ratios vary between 5.84 and 20.1, indicating remarkable fractionation and suggesting, as noted above, that weathering was intense at that time.
Provenance
Provenance analysis of sediments is aimed at reconstructing the parent-rock assemblages of sediments [66] . Al 2 O 3 /TiO 2 ratio is widely used to identify sediment provenance [67] because Ti is less affected by weathering [68] [69]. Al also behaves as a relatively conservative element during weathering [70] . In order to identify the source rock, the Al 2 O 3 /TiO 2 ratios have been calculated and the elemental concentration of sediment plotted (Figure 11(a) (Figure 11(b) ). [75] and Ni are indicative of significant contribution from a mafic-ultramafic source component in sedimentary rocks. Furthermore, Garver et al. [76] suggested that values of Cr > 150 and Ni > 100 ppm are diagnostic of mafic-ultramafic rocks in the source area. Compared to the PAAS (110), the relatively higher Cr concentration (120 -600 ppm) of some Fe-shale and Fe-sandstone might be related to contribution from the mafic source rocks. Cr/Ni between 1.3 and 1.5 ratios reflect the contribution of mafic-ultramafic rocks whereas higher Cr/Ni ratios > 2 typify an input of mafic volcanic detritus; but it is noteworthy that these ratios > 3 for sandstones suggest significant sedimentary fractionation [76] . With only a few exceptions, the studied samples have Cr/Ni ratios > 2; these ratios are high (up in sediments as a result of different sedimentary processes [76] . On the other hand, the Th/Co vs. La/Cs plot [71] suggests that almost all the studied samples were derived from felsic source rocks rather than mafic source rocks ( Figure   11(d) ). It follows that the interpretation supporting mafic input in the samples studied must be made cautiously.
In addition, the shape of REE patterns and the size of the Eu anomaly have been also used to infer sources of sedimentary rocks [9] [63] [78] . Since basic igneous rock contain low LREE/HREE ratios and little or no Eu to positive Eu anomalies, whereas silicic igneous rocks usually contain higher LREE/HREE ra- It is important to observe that, it could be expected that Eu/Eu* should increase (i.e., a prominent negative Eu/Eu*), as
more feldspar is destroyed in a second weathering cycle [81] . On this basis we may state that the positive Eu/Eu* of some of the studied samples, slightly higher than that of the PAAS, could likely monitor minor contribution of mafic components. The limited importance of a mafic supply is confirmed also by other provenance proxies including the Cr/V and Y/Ni ratios.
The chondrite normalized REE of the samples studied have LREE and HREE patterns and contents roughly similar to those of various lithologies of expected plutonic source rocks intruding the exposed surrounding migmatitic-gneiss basement, but display different Eu anomalies. The arkose and Fe-sandstone samples, with slight negative or no anomalies, have REE pattern comparable to that of the MFG (Figure 9(a) ). The latter are massive with modal composition of diorite, quartz-diorite, quartz-monzodiorite, quartz monzo-gabbro or compositionally banded with light felsic layers (granodioritic to monzogranitic) alternating with dark mafic layer (dioritic to quartz dioritic) [34] . It could have acted, to a certain extent, as a source of the mafic component of the studied sediments.
The LREE pattern and the Eu anomalies of shale underline to a certain extent the signature of CGG (Figure 9(a) ). This rock, together with biotite-rich granite, porphyritic granite, alkali feldspar granite and two-mica granite [35] could have served as the felsic protolith for the Kumba sedimentary rocks. However, the prominent negative Eu anomalies of the latter (Figure 9 Nagarajan et al. [19] , further supports this idea. These migmatitic gneisses were metamorphosed under amphibolite-facies conditions and are in many places cross-cut by mafic dykes [35] . These mafic dykes could have acted, to a lesser extent, as the source of mafic materials. However, the chemical analyses for these neighboring migmatitic-gneiss rocks, as well as those of the mafic dykes, are not available.
Sorting and Recycling
It is well known that transport and deposition of clastic sediments involve me- [88] . In the present study a mixing trend, mostly characterized by changes in Al 2 O 3 /Zr, which could be due to a recycling effect, is clearly envisaged (Figure 12(a) ). This is consistent with the low ICV values (<1) in most samples.
Zr/Sc ratio is also a useful index of sediment recycling [81] . Higher values of this The K 2 O/Na 2 O ratio is also indicative of sediment recycling. It increases with weathering due to more liable nature of plagioclase relative to K-feldspar [21] .
This ratio > 1 indicates high chemical maturity [89] . The K 2 O/Na 2 O ratios for the studied samples range from 1.00 to 403.00, with most of them ( Table 1) higher than the PAAS (3.08) and UCC (0.87), indicating a high amount of sediment recycling.
In addition, the recycling processes is possibly recorded by the slight similar CIA value (Table 1) for both studied mudrocks (Fe-shales and shales) and sand- Figure 11 .
stones (arkose and Fe-sandstone). Since it is well known that finer grain rocks such as shales should show stronger evidences of weathering than sandstones [90] . These recycling processes might have homogenized, to some extent, com- 
Paleo-Oxidation Conditions
Ni/Co and V/Cr ratios are sensitive to the paleoredox conditions of ancient sediments [19] [95] [96] . Sedimentary rocks derived from oxic conditions are characterized by Ni/Co ratios below 5; between 5 and 7, these ratios are related to dysoxic conditions whereas values greater than 7 reflect suboxic to anoxic conditions [95] . V/Cr ratios < 2, ranging between 2 and 45.25 and >4.25 indicate oxic, dysoxic and suboxic to anoxic conditions respectively. Except for 3 samples, the studied sediments show Ni/Co ratio always less than 7, reflecting oxic and dysoxic conditions. Whereas all the samples exhibit V/Cr ratios less than 2, suggesting oxic environment. Other ratios such as U/Th and Cu/Zn are also useful [37] (Figure 2 ). [12] , most samples fall in the general area of active continental margin field, except for a few in the oceanic island arc margin (Figure 13(a) ).
Tectonic Setting
The Th-Sc-Zr/10 ternary diagram of Bhatia and Crook [11] has also been used to differentiate the tectonic setting of the studied sediments. This diagram is believed to be most useful trace element tectonic discrimination plots. Samples from Kumba sediments are relatively scattered on Th-Sc-Zr/10 ternary diagram with data spreading across three fields: the passive continental margin (PM), the continental island arc (CIA) and the active continental margin (ACM), suggesting that the tectonic setting of the Kumba sediments may be more complex ( Figure 13(b) ).
This complexity, most likely resulting from an inherited signature, is probably related to recycling effect experienced by the samples studied, since some sediments can be transported from their tectonic setting of origin into a sedimentary basin in a different tectonic environment [90] . Such discrepancy may also reflect a sediment derived from potentially multiple sources (i.e., mixed provenance)
[26] [94] . In this study, the result obtained can be partially explained by the 
Conclusions
In this study, fifteen Cretaceous sediment samples from Kumba area in the Douala sub-basin were analyzed in order to determine the provenance, source rock weathering, paleo-oxidation conditions of the depositional environment and tectonic setting of these rocks. Based on results and discussion, the following conclusions are reached:
1) The studied rocks have been classified, on the basis of their major element composition, mainly as Fe-shale, shale, arkose and Fe-sandstone.
2) These rocks were mainly derived from felsic igneous rocks with lesser contribution of mafic component as suggested by the plot of Zr vs. TiO 2 , Y/Ni vs.
Cr/V, TiO 2 vs. Al 2 O 3 diagram, REE characteristics and Eu anomalies.
3) The PIA and CIW values suggest that the sediments and their potential source rocks were subjected to intense weathering. Whereas the CIA and K 2 O/ Na 2 O ratio in most samples could be indicative of K-addition processes. The A-CN-K plot also suggests a possible potash metasomatism during diagenesis.
4) The Ce anomalies and the values of Ni/Co, U/Th and Cu/Zn show that the redox condition during the sedimentation were suboxic to oxic.
5) The SiO 2 -K 2 O/Na 2 O and Th-Sc-Zr/10 tectonic discrimination diagrams show that the studied rocks were deposited mainly in an active continental margin setting, but also in a passive margin and various tectonic environments, reflecting probably the recycling effect experienced by the samples studied.
6) The geochemical compositional trends of sedimentary rocks from the Upper Mundeck Formation, outcropping at the Kumba area, document the paleogeography of the Douala sub-basin. These rocks are, in some extent, material embodiments of the beginning of the separation of South American and African plates during Early Cretaceous.
